INTRODUCTION
Worldwide, colorectal cancer (CRC) is the third most common cancer in men and second in women, and it is responsible for an estimated 8.5% of deaths from cancer. 1 Thus ∼1.3 million people are diagnosed yearly with CRC, and almost 700 000 deaths occur from CRC every year. 2 3 However, efforts towards improving quality and accuracy of colonoscopies are of vital importance, 4 as polypectomy is a procedure known to decrease the incidence of CRC by 76-90%. 5 6 The Danish Colorectal Cancer Screening Programme was implemented in 2014 and is offered every second year to all citizens aged 50-74 years using an immunochemical test of faeces for blood. Despite the fact that colonoscopy is economically and specificity efficient, it is crucial to minimise false-negative results. Previous studies have revealed that up to 5% of all CRCs are missed at colonoscopy; 7 this also applies for up to 26% of adenomas as well as 27% of polyps. 4 8 9 Since it might take up to 20 years to develop CRC from certain mutations of tumour-suppressor genes and oncogenes, 10 an optimally performed colonoscopy-and thus detection rate-is central to efforts to prevent CRC.
Summary box
What is already known about this subject?
▸ Worldwide, colorectal cancer (CRC) is the second most common cancer in women and third in men. ▸ Thus, the significance of colonic polyp-to-cancer pathway makes the reliability of colonoscopy examinations of paramount importance. ▸ Efforts towards improving quality and accuracy of colonoscopies are of vital importance, as polypectomy may decrease the incidence of CRC by more than 75%.
What are the new findings?
▸ Monitoring and feedback on colonoscopy withdrawal times significantly increase polyp detection rate (PDR) in a clinical setting with no correlation with withdrawal time (WT). ▸ The choice of feedback parameter was found to be of less importance. ▸ A "corporate memory" of the significance of the quality of the colonoscopy was imprinted with a short, focused feedback session and remained stable after a year.
How might it impact on clinical practice in the foreseeable future?
▸ A quality-improving feedback strategy used in routine practice of screening and surveillance colonoscopies may lead to improved outcome of examinations in other real-life colonoscopy settings.
The polyp detection rate (PDR), which indicates the percentage of colonoscopies with one or more polyps identified, and the adenoma detection rate (ADR), which is the percentage of colonoscopies with one or more adenomas identified, are two crucial parameters in CRC screening. A high ADR is associated with a decreased mortality and postcolonoscopy colorectal cancer (PCCRC) incidence. 11 Thresholds of minimum 20% and minimum 25% of ADR and PDR, respectively, have earlier been advocated. 7 Previous studies on PDR/ADR have focused on the endoscopists by tracking individual PDRs and ADRs. However, our endoscopy centre at a tertiary referral hospital has a long-standing tradition of considering endoscopy to be a team effort that emphasises the role of the nursing staff in polyp detection. Given the centralisation of CRC treatment and implementation of the Danish Colorectal Cancer Screening Programme, the case mix in our unit was expected to shift significantly towards a higher incidence of colonic polyps.
Colonoscopy withdrawal time (WT) is considered a well-established and reliable surrogate quality indicator for ADR/PDR, and focus on WT should accordingly be implemented as a standard in routine colonoscopy. [12] [13] [14] [15] WT is defined as the time spent investigating the intestinal mucosa for pathological changes during withdrawal of the colonoscope from the caecum towards the anus. As most polyps are detected during the withdrawal phase, this part of the colonoscopy procedure is considered of higher importance than the insertion phase. 6 Nevertheless, some studies have highlighted other factors for improvement of colonoscopy detection as well, for example, the importance of bowel preparation, caecal intubation, experience of individual endoscopists, withdrawal technique, sedation and time of day for the examination. 16 17 In one of the studies, associations between proximal serrated polyp detection and a number of quality factors were tested. 17 In this study, WT was the only significant factor, whereas patient age, sex, intubation time, withdrawal techniques and time of day were not. The US Multi-Society Task Force on Colorectal Cancer advises a minimum of 6 min for optimal mean WT in routine colonoscopy, 18 whereas more recent studies have recommended a WT in the range of 6-9 min. 12 19 20 The aim of this study was to evaluate whether monitoring information and feedback on colonoscopy WT to the endoscopy team of colonoscopists and nursing staff may have an impact on PDR in a clinical setting at a large endoscopy unit of a tertiary referral centre.
METHODS

Colonoscopy material
A total of 314 patients (53% male patients, 47% female patients) with an adequate colon preparation undergoing routine colonoscopy at the Endoscopy Centre, Herlev Hospital, University of Copenhagen, were enrolled in this prospective study. Most examinations performed were screening or surveillance colonoscopies. Seven patients were excluded. Exclusion criteria included apart from inadequate cleansing, incomplete examinations and inconsistent data on the survey form completed by the assisting nurse during each individual colonoscopy procedure. Thus, 307 patients were eligible to be included into the study.
Each patient was prepared for examination using standard bowel preparation (MoviPrep, Norgine BV, Amsterdam, The Netherlands) and was provided oral and written information for all components of the colonoscopy preparation, and the importance of compliance with bowel cleansing was emphasised. The endoscopy procedures were performed using Evis Exera III colonoscopes (Olympus Europe, Hamburg, Germany).
All endoscopists had performed a minimum of 500 colonoscopy examinations prior to this study.
Monitoring and feedback
Three phases of the study were carried out in an assessment to increase the PDR of colonoscopies. The first study scenario was performed from August to September 2015, the second from October to November 2015, and the third from October to November 2016. During these three phases, time spent on the different phases of the procedures was recorded by the trained assistant nurse who additionally carefully took part in each colonoscopy by watching the video screen together with the endoscopist during the withdrawal phase. This included a survey form with time points for procedure start, time for reaching the caecum, initiation of withdrawal and completion of the procedure. Furthermore, time spent on removal of polyps was registered. Time points were noted as the actual clock time. Neither number, types, nor sizes of polyps were recorded, so as to avoid disclosure of the main objective and to introduce any bias into the first phase. All colonoscopy procedures were performed as standard practice with no changes during the three study phases. WT was calculated for each procedure as time from caecum to anus in minutes-adjusted for any polyp removal, if applicable.
Before the first phase, the endoscopists and nurses were informed that the survey was part of a general benchmarking of time usage in colonoscopy procedures at the endoscopy centre. At this point, the staff received no information about our interest in PDR or WT, and the survey form was designed in such a manner that the purpose of the information collected was not transparent. However, before the second phase, an intervention took place in the form of separate team meetings of the nurses and the endoscopists at which the aim of the study was clearly disclosed. The entire staff was informed about the monitoring of WT and PDR, and anonymous feedback on these parameters was provided. Further, the staff was informed that WT and PDR results would be compared with the general recommendations of a 6 min WT 21 and a 40% PDR. 22 Based on results from the first study phase, the endoscopic teams were encouraged to aim for a minimum WT of 8 min.
After the second phase, the entire staff was informed of the results, and the importance of PDR was stressed.
One year after the second phase, a third phase analogue to the second scenario but without any introduction was performed to test long-term awareness with respect to the importance of PDR and WT. During this year, there had been minor turnover between different teams, but no changes in endoscopists nor the endoscopic staff as such.
All polyps were retrieved for histology to assess the ADR.
Statistical analysis
Overall, examination time, insertion time, and WT were calculated based on the time points noted in the survey forms. A significant difference between WT ≥8 min and WT <8 min was found using a binary 2×2 table, a twosided z-test, and a χ 2 test. PDRs of the second and third study phases were compared to the PDR of the first phase using a binary 2×2 table, a two-sided z-test, and a χ 2 test. By assuming normality based on the distribution of the WTs, significant differences between the mean WT of the study groups were evaluated by a two-tailed t-test. A p value of 0.05 was considered statistically significant.
Using a power calculation with independent study groups and the PDR of the first phase without knowledge (conventional colonoscopy) assumed to be 40% based on prior experience from small observational series within our group of patients and of the second phase set to 60% which is actually the benchmark of the Danish Colorectal Cancer Screening Programme, and with a type I error of 0.05 and a power of 80%, the sample size was a minimum of 97 patients in each arm. We chose, however, to include no fewer than 100 patients in each phase, with the third phase basically being a replication of the second.
Ethics approval
The protocol was assessed by the local ethics board and a formal approval was not found to be required as the aim of the project was quality assessment at an endoscopic university centre with no individual patient data recorded.
RESULTS
From the analysis of the total of 307 colonoscopies, the WTs varied from 2 to 26 min. One or more polyps were found in 22 of the 100 colonoscopies in the first study phase, 43 of 102 colonoscopies in the second phase and 53 of 105 colonoscopies in the 1-year follow-up. The PDR differed significantly ( p<0.01) between the first and second study phases, with a more than 90% increase in PDR after intervention from 22% to 42% (95% CI 1.44 to 4.95). ADR increased similarly from 14% to 33% ( p<0.01; 95% CI 1.50 to 6.11). The prevalence of advanced neoplasia was 4% and remained unchanged during the study. A trend towards increased mean PDR for most WTs in the second study phase was revealed, as illustrated in figure 1 . However, the mean WT did not change (6.8 vs 7.2 min; p>0.05) despite the instructions given to all endoscopists involved before initiating the second study phase. Compliance with the 6 min WT recommendation increased significantly from 53% in the first study phase to 71% in the second study phase ( p<0.01; 95% CI 1.21 to 3.89), while compliance with the 8 min WT assessment increased from 34% to 44%, which was not statistically significant ( p=0.15; 95% CI 0.86 to 2.70).
No significant changes in PDR or ADR were, however, observed between the second and the third 1-year follow-up phase, although the mean WT of polyp-positive and polyp-negative colonoscopies was found significantly higher in the 1-year follow-up (7.9 vs 11.9 min ( p<0.05); 6.6 vs 9.9 min ( p<0.05)). Distribution of bowel preparation within the groups of patients graded on a 4-point scale (ie, optimal, good, acceptable, or unacceptable, Figure 1 Mean polyp detection rate (PDR) at each specific withdrawal time (minutes) of the three study phases.
where the last grading always leads to a renewed examination) was similar when comparing the three phases of the study (data not shown).
All data for WTs, PDRs, ADRs, and gender distribution are summarised in table 1.
DISCUSSION
We examined whether PDR and subsequently ADR could be increased using the WT as a surrogate marker via the Hawthorne effect (knowing that the WT was assessed) and feedback ( provided after the first study phase). Furthermore, the retention of knowledge gained within the organisation was assessed by a 1-year follow-up.
Information and feedback after the first phase had a significant impact on PDR, which almost doubled (22% vs 42%). The endoscopists were focusing on PDR through the surrogate marker (WT) and the feedback given. The PDRs increased at all levels of monitored WTs. The mean WT did, however, not increase significantly in between the first and second phases. Thus, monitoring and feedback appears to be crucial factors for the increase in PDR and not the measured parameter (ie, the WT itself ). The increase in PDR was additionally mirrored in an increased ADR. The increased PDR/ADR was found to be maintained, and thus the endoscopy team was able to maintain focus on the importance of PDR more than a year after the original intervention. Further, there was a tendency towards an increase in WT without an effect on ADR which is in agreement with previous data showing a limit to increase ADR by increasing WT, as the incremental increase becomes useless and the time spent prohibitive.
14 In this respect, our results signify that monitoring of WT exerts its effect mainly by a Hawthorne effect because we did not observe any significant increase in WT from the first study phase to the second.
The strength of this study lies in its focus on the performance of the endoscopy team as a whole in a real-life colonoscopy setting. In our standard setup for colonoscopy which was unchanged between phase 1 and phase 3, we have two video screens-one for the endoscopist and one for the assistant nurse. The assistant nurse is required to aid the endoscopist to spot any suspected pathology, including polyps, during retraction of the endoscope. Further, the blinded initial assessment of PDR in the first phase gives an accurate image of the team's performance without any Hawthorne effect. However, the study also has some limitations because no descriptive data on the procedures were recorded on the survey form. This could influence the purpose by revealing the focus of the first part of the study prior to the subsequent intervention phase. This circumstance also precludes evaluation of other potential factors that could influence the results, for example, interobserver variation in PDR, colonoscopy experience and specific withdrawal techniques. Also the use of ADR for polyp detection would have been a correct measure, but would also have emphasised the importance of ADR as the final goal prior to intervention. For similar reasons no analysis of type, size, location or number of polyps and adenomas detected was undertaken. Thus, we performed retrospective analysis of the impact of these factors, but the number of patients included into this study did not allow for making any further definite conclusions.
Despite some restrictions, including number of colonoscopies done over the three separate phases, as well as the low compliance with the 8 min WT, some interesting tendencies were, however, revealed. The optimal PDR appears to be achieved shortly after the 6 min recommended WT. Even at 2 and 3 min WT cut points, there was a trend towards higher mean PDRs than the mean PDR of the first study phase (figure 1). These results imply that providing feedback in itself might be sufficient to increase the PDRs of the endoscopists, as reflected in the second study phase.
Two studies have found a similar effect of monitoring in itself, but both studies focused on individual endoscopists rather than the entire endoscopy team. 21 23 In contrast, several studies have revealed that an increased WT is essential and raises PDR/ADR, especially for small, flat and right-sided polyps and adenomas. 14 17 20 23 24 Le Clercq et al 25 showed that such lesions are the most frequently missed in everyday practice, which subsequently might lead to PCCRC. Moreover, it was observed that 86% of all PCCRCs were preventable due to procedural factors.
One study reported an ADR increase from 36% to 47% ( p=0.001) after a 2-hour training in withdrawal techniques and colonoscopy quality indicators together with a monthly ADR feedback, whereas ADR remained unchanged for the untrained group of endoscopists. 4 In a study of 541 screening colonoscopies among 10 endoscopists, who were informed about guidelines and published data on WT and PDR, these factors were monitored. 26 Each endoscopist was subsequently given feedback once every 3-6 months, and a trend towards an increased PDR and neoplasia detection was revealed, supporting the positive influence of feedback on PDR.
In a very recent trial, researchers took a new approach to test whether WT is positively associated with detection. 15 In this prospective trial with four highly skilled endoscopists, who each performed 50 colonoscopies, 200 patients were randomised to undergo colonoscopy with a WT of 3 or 6 min, followed by a second withdrawal lasting 6 min in both study arms. The calculated miss rate for adenomas was higher in the 3 min withdrawal group compared with the 6 min group (48 vs 23%). The ADR was similar between the groups (39 vs 41%), but the number of adenomas detected per colonoscopy was lower in the 3 min group as compared with the 6 min group (0.55 vs 0.80). Overall this study provides strong evidence for establishing minimum average WTs.
However, higher PDRs/ADRs lead to more surveillance colonoscopies and thus higher colonoscopy-related costs. A recent study has indicated, through a microsimulation model, that higher ADRs in screening colonoscopies (mean ADR of 15% vs mean ADR of 39%) reduce lifetime CRC incidence and mortality by 53% to 60%. 27 Remarkably, this outcome was obtained without higher overall expenses (US$2.1 million vs $1.8 million) due to averted cancer treatment costs.
CONCLUSIONS
The present study shows that monitoring and feedback on colonoscopy withdrawal times significantly increase PDRs in a clinical setting with no correlation with WTs. PDR almost doubled from the first to the second study phase, which leads to the conclusion that simply monitoring colonoscopy and giving feedback to the endoscopy team is crucial to polyp detection. However, the choice of feedback parameter seems to be of less importance. Furthermore, it was possible for usgranted with a dedicated staff-to imprint 'corporate memory' of the significance of the quality of the colonoscopy with a short, focused feedback session. The effect of this corporate memory was shown to remain stable after a year. Thus, a quality-improving feedback strategy used in routine practice of screening and surveillance colonoscopies may lead to improved examinations in other real-life colonoscopy settings as well.
